Clara cell 10-kD protein (CC10) exhibits potent antiinflammatory properties. G38A polymorphism was found in the CC10 gene. We investigated the genetic influence of the allele on the development of sarcoidosis using case control analysis in a Japanese population (265 sarcoidosis cases and 258 control subjects). The A allele frequency in sarcoidosis cases (45.1%) was significantly higher than healthy control subjects (34.9%, p ϭ 0.0002). According to outcomes, we divided 223 patients with follow-up periods of 3 years or more into two subgroups (55 progressive and 168 regressive disease). The A allele frequency in patients with progressive disease was significantly higher than control subjects (odds ratio ϭ 4.55; 95% confidence interval, 2.97-6.97; p Ͻ 0.0001), whereas that of regressive disease was not. The A/A genotypes had significantly lower bronchoalveolar lavage fluid CC10 levels than the G/G (nonsmokers, p ϭ 0.0054, and smokers, p ϭ 0.0045) and G/A genotypes (nonsmokers, p ϭ 0.0022, and smokers, p ϭ 0.0402). The reporter gene assay showed significantly lower reporter activities in the presence of interferon-␥ for the 38A construct than the 38G construct (p ϭ 0.0177). The G38A polymorphism in the CC10 gene may influence protein expression and be associated with the development of progressive sarcoidosis.
homodimer of polypeptide of 70 amino acids covalently bound in an antiparallel manner (10) . CC10 has been referred to as the Clara cell phospholipid binding protein, the Clara cell secretory protein, the Clara cell 16-kD protein, or the polychlorinated biphenylbinding protein and is identical to uteroglobin (UG) and protein 1/urinary protein 1 (9) . At a nomenclature meeting held during a symposium on the UG/Clara cell protein family (9) , a new generic name of secretoglobin was coined (9, 10) . CC10/UG is assigned as secretoglobin 1A1 in the secretoglobin family. CC10/UG possesses varied biochemical and biological properties, including phospholipase A2- (9) and phospholipase C-inhibitory activity (11) . CC10 was shown to be a potent inhibitor of IFN-␥ (8, 12) . Inversely, IFN-␥ enhanced CC10 expression in airway epithelial cells (13) (14) (15) . CC10 levels have been reported to change in the lung fluid and serum of inflammatory lung diseases (16) (17) (18) , including sarcoidosis (8, 19) . CC10 deficiency results in increased sensitivity to hyperoxia-induced lung injury by increasing proinflammatory cytokine expression (20) . The evidence has led to speculation that CC10 may function as a downregulator of inflammation in the lung.
There have been several reports of an association between diseases and a guanine-adenine substitution at position 38 (G38A) downstream from the transcription initiation site within the noncoding region of exon 1 of the CC10 gene (21) (22) (23) (24) (25) . Serum CC10/UG levels were significantly decreased in the A/A genotype patients with asthma (21) and IgA nephropathy (22) compared with those in the G/G and G/A genotypes. We investigated the genetic influence of the A allele of G38A on the development of sarcoidosis and risk of its progression using a case control analysis in a Japanese population. We also compared CC10 levels among the genotypes and analyzed whether the G38A polymorphism is responsible for reduced transcriptional activity of the CC10 gene.
METHODS

Populations
The study was comprised of 265 patients with sarcoidosis and 258 healthy control subjects (Table 1 ). All participants (n ϭ 523) were Japanese and were mainly from the north of Japan (Hokkaido). All of them gave written informed consent for enrollment in the study. The ethics committees of Sapporo Medical University and Sapporo Hospital, Hokkaido Railway Company approved the study.
A total of 265 patients with sarcoidosis were enrolled in this study. They had histologic findings consistent with sarcoidosis (noncaseating epithelioid cell granulomas) in the lung, scale node, and/or skin without evidence of mycobacterial, fungal, or parasitic infection. None had a history of exposure to organic or inorganic materials known to cause granulomatous lung diseases. Eighteen patients had stage 0 (clear chest radiograph); 167 had stage 1 (hilar lymphadenopathy); 61 had stage 2 (hilar lymphadenopathy and pulmonary infiltrates); 17 had stage 3 (pulmonary infiltrates without hilar lymphadenopathy); and 2 had stage 4 (pulmonary fibrosis without hilar lymphadenopathy). Seventy recent patients were enrolled at the time of diagnosis, and CC10 levels in serum and bronchoalveolar lavage (BAL) fluid were analyzed in this population. Two hundred twenty-three patients who had follow-up periods of 3 years or more (range of 44 to 430 months, median of 112 months) were divided into progressive (n ϭ 55) and regressive disease groups (n ϭ 168). Thirty-six patients (stage 1, n ϭ 18; stage 2, n ϭ 12; stage 3, n ϭ 5; and stage 4, n ϭ 1 at the time of diagnosis) had progressive pulmonary lesions according to the evaluation of chest X-ray films and computed tomography scans and respiratory function test results, and 16 of these 36 patients received long-term corticosteroid therapy. Cardiac sarcoidosis developed in eight patients (stage 1, n ϭ 4; stage 2, n ϭ 3; and stage 3, n ϭ 1), and all needed long-term corticosteroid therapy. Nine patients (stage 1, n ϭ 5; stage 2, n ϭ 3; and stage 3, n ϭ 1) had persistent muscular skin and/or bone lesions without improvement of intrathoracic lesions, and seven of nine patients received long-term corticosteroid therapy. For deterioration of ocular sarcoid lesions, seven patients (stage 1, n ϭ 5 and stage 2, n ϭ 2) needed a long period of corticosteroid therapy. Five of the 60 previously mentioned patients had two major progressive lesions. Thus, the 55 patients were classified into the progressive disease group. Thirty-eight patients received shortterm corticosteroid therapy, and after the therapy, they had regression of disease. The remaining 130 patients had spontaneous regression of disease. Therefore, 168 patients were classified into the regressive disease group. BAL analyses at the time of diagnosis were done in 180 of the 265 patients. However, 18 patients who had received corticosteroid therapy were excluded. Therefore, 162 samples (nonsmokers, n ϭ 91, and smokers, n ϭ 71) were analyzed according to the genotypes.
Quantitation of CC10
CC10 concentrations were measured with ELISA employing monoclonal antibody TY-1 and TY-2 to human CC10/protein 1, as described previously (8, 9, 26) . This ELISA had 10 times better sensitivity than ELISA using monoclonal antibody 6D4 to CC10 and polyclonal antibody to CC10 (9, 26) . All assays were performed in duplicate.
Extraction of Genomic DNA and Genotype Determination
Genomic DNA was extracted from peripheral leukocytes isolated from ethylenediaminetetraacetic acid-anticoagulated blood through use of a commercially available DNA isolation kit (DnaQuick; Dainippon Pharmaceutical, Tokyo, Japan). An allele-specific polymerase chain reaction (PCR) was developed to detect CC10 G38A single nucleotide polymorphism (SNP). Primer sequences used for evaluating CC10 G38A SNP were ccaccagactcagagacggaaccagagaga for CC10 38-FA, cagagacggaaccagacacg for CC10 38-FG, and agcactcaccggagctgca for CC10 38-R. PCR products were generated in 10-L volumes containing 0.25 U Taq DNA Polymerase (Amersham Pharmacia Biotech, Piscataway, NJ), 50-mM KCl, 1.5-mM MgCl 2 , 0.2-mM dNTP (Amersham Pharmacia Biotech), primers (5 pmol/l for CC10 38-FG, 20 pmol/l for CC10 38-FA, and 5 pmol/l for CC10 38-R), and 10-20 ng of genomic DNA. Amplification was performed in Gene Amp PCR System 9,700 (Biosystems, Foster City, CA). The PCR conditions were as follows: After an initial denaturation at 95Њ for 5 minutes, the reactions were cycled 30 times through a temperature profile of 95Њ for 30 seconds, 64Њ for 30 seconds, and 72Њ for 30 seconds. Then a final extension was performed at 72Њ for 7 minutes.
Gel electrophoretic analysis was performed on Mupid minigel at 100 V for 40 minutes. The PCR products were examined by agarose gel electrophoresis in a 3% agarose gel containing ethidium bromide (1.5 g/ml). The bands were visualized on an ultraviolet transilluminator at 312 nm and photographed with a Polaroid camera. Genotypes of individual PCR products were confirmed using an ABI automatic sequencer (Perkin Elmer, Wellesley, MA).
Transfection and Reporter-Gene Assays
A 1,015-base pair (bp) fragment (from Ϫ960 to 55) of the human CC10 gene promoter was prepared by PCR using two forms (38G/G and 38A/A) of genomic DNA as a template, each of which was separately subcloned into an Nhe I-Hind III site of the pGL3-basic luciferase vector to generate the pGL3 38G and pGL3 38A plasmids. The human adenocarcinoma cell line NCI-H441 was maintained in RPMI-1640 containing 10% fetal calf serum. Cells were incubated in 12-well plates at 50-70% confluence. After changing culture supernatant to RPMI-1640 containing 2% or 10% fetal calf serum, cells were transfected using lipofectamin transfection reagent (Invitrogen Corp., Carlsbad, CA) with 25 ng of reporter plasmid and 25 ng of pCH110 (Amersham Pharmacia Biotech, Uppsala, Sweden) as an internal control. At 12 hours after transfection, the cells were incubated in the presence of IFN-␥ (0-1,000 U). After 48 hours, the cells were harvested in Reporter Lysis Buffer (Promega, Tokyo, Japan), and the lysates were assayed for ␤-galactosidase and luciferase activities using the High-Sensitive ␤-Galactosidase Assay Kit (Stratagene, La Jolla, CA) and the Luciferase Assay System (Promega Corp.), respectively. To correct for transfection efficiency, luciferase activity was normalized to ␤-galactosidase activity. Relative luciferase activity of the CC10 promoter constructs was expressed based on the activity of pGL3-basic in the presence of the same trans-activating plasmid as 1. Five different assays were performed.
Statistical Analysis
Statistical analyses were performed using Statview software (SAS Institute, Inc., Cary, NC). Data were expressed as mean Ϯ SD. The MannWhitney U test or Student's t test was used to compare two unpaired or paired samples. Contingency tables were analyzed for trends with the chi-square test. A p value of less than 0.05 was considered to be statistically significant. 
RESULTS
CC10 G38A SNP
G38A SNP was evaluated in 265 sarcoidosis patients and 258 healthy subjects by allele-specific PCR (Table 2 and Figure 1 ). Allele-specific PCR is a single-tube PCR-based technique using allele-specific primers that differ in length by 10 bp. Each allelespecific primer was designed to have base mismatches in the 3Ј primer sequence to minimize cross-reactions of the PCR products in subsequent cycles. The PCR products are easily examined by electrophoresis on high-resolution gels. G/G and A/A genotypes showed a single band of 120 and 110 bp, respectively, and G/A genotype showed two bands of 110 and 120 bp ( Figure 1 ). The genotypes of CC10 G38A were also confirmed by nucleotide sequencing analysis. Table 2 lists genotype distributions of CC10 G38A SNP in patients with sarcoidosis and control subjects. G38A SNP fulfilled Hardy-Weinberg expectations for the control subjects. We found the A allele frequency to be significantly higher than the control subjects (odds ratio ϭ 1.60; 95% confidence interval, 1.25-2.05; p ϭ 0.0002).
G38A Genotypes and the Relationship of their Clinical Parameters
The characteristics of the patients were compared according to the genotypes of G38A SNP. There were no significant differ- ences in sex, ages of onset, distributions of radiographic stages, number of affected organs, or angiotensin-converting enzyme activities among the genotypes (Table 3 ). When data of BAL examinations in nonsmoker and smoker subgroups were analyzed, there were no significant differences in any parameters among the genotypes ( Table 4) .
The association of G38A polymorphism with risk of disease progression was analyzed in the 223 patients who had followup periods of 3 years or more ( Table 5 ). The 38A allele frequency in patients with progressive disease was significantly higher than that in control subjects (odds ratio ϭ 4.55; 95% confidence interval, 2.97-6.97; p Ͻ 0.0001). In contrast, there was no significant difference in the A allele frequency between healthy control subjects and patients with regressive disease.
CC10 Levels According to the Genotypes
CC10 levels in the serum and BAL fluid at the time of diagnosis were compared according to the CC10 G38A genotypes. Because it has been reported that smoking habits influence CC10 levels (8, 15, 27) , we evaluated CC10 levels in the nonsmoker and smoker subgroups (Figure 2) . The A/A genotypes had significantly lower BAL fluid CC10 levels than the G/G (nonsmokers, p ϭ 0.0054, and smokers, p ϭ 0.0045) and G/A genotypes (nonsmokers, p ϭ 0.0025, and smokers, p ϭ 0.0402), and the G/A genotypes showed significantly lower BAL fluid CC10 levels than the G/G genotypes (nonsmokers, p ϭ 0.0022, and smokers, p ϭ 0.0054). Serum CC10 levels were significantly decreased in the A/A genotypes compared with in the G/G genotypes (nonsmokers, p ϭ 0.0088, and smokers, p ϭ 0.0452). Although insignificant, the A/A genotypes tended to have decreased levels of serum CC10 compared with the G/A genotypes.
Modulation of Transcription of the CC10 Gene by G38A SNP
To examine whether G38A SNP influences promoter activity of the CC10 gene, the promoter sequence, connected to a luciferase reporter gene, was transfected into human lung adenocarcinoma NCI-H441 cells in RMPI-1640 containing 2-10% fetal calf serum ( Figure 3 ). The reporter activities were compared between two constructs containing either G or A at position 38 downstream from the transcription initiation site within the noncoding region of exon 1 in the presence of IFN-␥ (1 to 1,000 U/ml). Higher concentrations of fetal calf serum showed low luciferase activities. The result was in accordance with the prior observation (28) (29) (30) . When examined in RPMI-1640 containing 2% fetal calf serum, 100 and 1,000 U/ml IFN-␥ influenced the viability of transfected cells. In the absence of IFN-␥ or in the presence of 1 U/ml IFN-␥, there were no significant differences in luciferase reporter activities detected for the 38G and 38A constructs. Significantly lower luciferase reporter activities were detected Definition of abbreviations: CI ϭ confidence interval; OR ϭ odds ratio. * Association of Clara cell 10-kD protein G38A polymorphism with risk of disease progression in sarcoidosis was evaluated in 223 patients with sarcoidosis who had follow-up periods of 3 years or more.
The odds ratio (95% confidence interval) was calculated for the presence of 38A allele, using chi-square contingency table analysis.
for the 38A construct in the presence of 10-U/ml IFN-␥ than for the 38G construct (p ϭ 0.0177). These results suggest that the A allele of G38A may be associated with the decreased transcriptional activity of the CC10 gene when enhanced IFN-␥ release occurs in the lung.
DISCUSSION
This study demonstrates a significant increase in the A allele frequency of CC10 G38A SNP in patients with sarcoidosis compared with healthy control subjects. Although there were no significant differences of clinical parameters at the time of diagnosis among the three genotypes, the A/A genotype patients with sarcoidosis had significantly lower serum and BAL fluid CC10 levels than the G/G and G/A genotypes. More importantly, the A allele frequency in patients with progressive disease, but not in patients with regressive disease, was significantly higher than that in control subjects, when analyzed in the 223 patients with sarcoidosis who had follow-up periods of 3 years or more. The evidence suggests that CC10 G38A polymorphism may influence CC10 protein expression and be associated with the development of sarcoidosis and risk of its progression.
CC10-deficient mice are powerful models to investigate the functional roles of CC10 in the development of lung inflammation in asthma (31, 32) . As compared with wild-type mice, intensive eosinophilic inflammatory response was provoked by sensitization and challenge with ovablumin in association with elevated levels of Th2 cytokines and eotaxin (31) . In another asthma model, airway reactivity and lung inflammation were enhanced in the lung (32) . Infiltration of neutrophils was enhanced in an early stage and alucian blue-periodic acid-Schiff-positive mucosubstances were also increased in the airways after ovalbumin exposure (32) . The evidence suggests that CC10 modulates lung inflammation and airway responsiveness to inhaled allergens in vivo. Clinical investigations demonstrated decreased levels of CC10 in the serum (9, 20) and BAL fluid of patients with asthma (33) . Immunohistochemical analysis demonstrated that CC10-positive epithelial cells were decreased in the small airways in patients with asthma (34) . It is of note that the accumulation of T cells and mast cells negatively correlated with the ratios of CC10-positive epithelial cells to total epithelial cells in the small airways. In addition, transgenic mice overexpressing interleukin-4 in the airways showed decreased CC10 expression (35) . Thus, decreased CC10 may have important implications in the development of chronic lung inflammation in asthma. In contrast, increased levels of serum CC10 were observed in patients with sarcoidosis, and there were no significant elevations of CC10 in the BAL fluid of patients with sarcoidosis and healthy subjects (8, 19) . The elevations of CC10 in the serum of patients with sarcoidosis may result from an increased intravascular leakage of the protein across the air-blood barrier (19) . It is noteworthy that CC10 levels in sarcoidosis at the time of diagnosis were significantly increased in the serum and BAL fluid of patients with regressive disease compared with healthy control subjects, and they were significantly decreased in the serum and BAL fluid of patients with progressive disease compared with those with regressive disease (8) . Several investigations have demonstrated that administration of IFN-␥ enhances CC10 expression in airway epithelial cells (13) (14) (15) . This evidence may help clarify the mechanism of elevations of CC10 in Th1 cytokine-mediated inflammatory lung diseases such as sarcoidosis.
The structure of the human CC/UG gene is very similar to those of other mammalian species; the two proteins show 53%, 55%, and 61% sequence homology in monkey, rat, and human, respectively, as well as similarities in their tertiary structure (9, 16) . The exon-intron boundaries of the human CC10/UG gene are very similar to those of rabbit and mouse. The TATA box and two Octamer-like regions are located in the 5Ј-flanking region in human, rabbit, and mouse. Several groups have reported transcription factors of the CC10 gene; Forkhead box A (also called hepatocyte nuclear factor-3), activation protein-1, Octamer, and thyroid transcription factor-1 (or NKX 2.1) are involved in the positive regulation of the CC10 gene (9, 36) . IFN-␥ has been reported to increase CC10 expression in airway epithelial cells (13) (14) (15) . Ramsay and colleagues (15) demonstrated the molecular mechanism by which IFN-␥ stimulates the expression of the CC10 gene in mouse transformed Clara cells and transgenic mice. Deletion mapping and linker-scanning mutations demonstrated that IFN-␥-induced expression of CC10 is regulated, in part, at the level of transcription. In vitro and in vivo studies verified that the minimal IFN-␥-responsive segment was localized in the proximal 166 bp of the 5Ј-flanking region. Additionally, the induced expression of CC10 was mediated indirectly through an interferon regulatory factor-1-mediated increase in hepatocyte nuclear factor-3␤.
Human CC10/UG is encoded by a 3-kilobase single-copy gene, which contains three exons and two introns and is localized in the long arm of chromosome 11 (11q12.3-q13.1) (9). There have been several reports associating IgA nephropathy and bronchial asthma with CC10/UG G38A SNP (21) (22) (23) (24) (25) . Associations of G38A SNP with an increased risk of asthma have been debated. Laing and colleagues (21) studied the CC10 G38A SNP in a matched case control cohort of 67 children with asthma and 46 unaffected children. They reported a 6.9-fold increased risk of developing asthma in the A/A genotypes and a 4.2-fold increased risk in the G/A genotypes. Similar studies of British and Japanese subjects have failed to replicate the G38A genotype association with development of asthma (24) . It is of note that serum CC10 levels in the A/A genotype patients with asthma were significantly decreased compared with the G/G and /GA genotypes (21) . Very recently, Sengler and coworkers (25) re-ported that the A allele frequency of G38A was not associated with the development of asthma in a population of Germany children. However, in the children with asthma, PC 20 FEV 1 values were significantly lower in the A/A and G/A genotypes than in the G/G genotypes. A significantly greater decrease was observed in FEV 1 of the A/A genotypes after exercise than was seen in the G/G and G/A genotypes. Several lines of evidence suggest that G38A SNP may influence CC10 protein levels and bronchial hyperreactivity and may be a genetic determinant of disease severity of asthma. Th2 cytokines, including interleukin-4 and interleukin-13, may affect CC10 expression (35, 37) . The associations among G38A polymorphism, transcriptional activity of CC10 gene, and Th2 cytokines need to be elucidated.
In this study, the reporter gene assay demonstrated that the point mutation of G to A at 38 bp in the human CC10 gene decreased the reporter luciferase activities in the presence of 10-U/ml IFN-␥, but the point mutation did not influence the reporter luciferase activities in the absence of IFN-␥. In the microenvironment of enhanced IFN-␥ release in the lung (Th1 cytokine-mediated inflammatory lung diseases such as sarcoidosis), the mutation of G38A polymorphism may decrease the affinity of a particular nuclear protein to the CC10 gene promoter, resulting in reduced transcriptional activity and ultimately leading to a lower expression of CC10 protein. If patients have no mutation in the CC10 gene, CC10 enhanced by IFN-␥ release from inflamed lesions could exert negatively feedback on IFN-␥ production leading to immunoregulatory action. In this context, CC10 G38A SNP may influence CC10 protein expression and may be a good marker to predict the risk of disease progression in sarcoidosis. 
